From a retrospective, cohort study of 205 patients diagnosed with full-thickness tears of the rotator cuff, we determined, using ultrasound, the prevalence of such tears in their 129 siblings. Using 150 spouses as controls, the relative risk of full-thickness tears in siblings versus controls was 2.42 (95% CI 1.77 to 3.31). The relative risk of symptomatic fullthickness tears in siblings versus controls was 4.65 (95% CI 2.42 to 8.63).
In the UK the shoulder is the third commonest site of musculoskeletal disease (16%) after the spine and knee (23% and 19%, respectively) 1 as well as being the third most common reason for orthopaedic referral in the USA (7.9%) after the knee and spine (14.9% and 8.2%, respectively). 2 Full-thickness tears of the rotator cuff are among the most frequently encountered causes of pain and dysfunction in the shoulder. 3 Estimates for the prevalence of full-thickness tears vary widely. Most cadaver studies give a prevalence of 20%, 4 but estimates of 5% to 30% 5, 6 have been published. In asymptomatic individuals estimates of prevalence of 15% to 23.4% have been described after investigation by MRI 7 and ultrasound. 8 All studies agree that the prevalence increases with age and that its associated morbidity, in terms of pain and loss of function, can be severely debilitating. Pain in the shoulder is a common cause of absenteeism from work and is a burden on medical resources. 9 Reported estimates for the mean cost of repair of a rotator cuff vary from US$ 9444 10 to US$ 25 870 11 with a mean time off work of seven months.
Theories regarding the causes of full-thickness tears are varied. Historically, mechanical compression of the tendons of the cuff was thought to be the initiating factor. Acromial morphology and the presence of spurs, the morphology of the coracohumeral ligament and the presence of osteophytes at the acromioclavicular joint were all considered to be relevant, although, as early as 1934, Codman 12 favoured an intrinsic theory of degeneration of the tendons of the cuff. Current opinion favours a combination of repetitive microtrauma in association with age-related degenerative changes within the tendons. There is a lack of understanding as to what causes pain in a full-thickness tear and why symptoms are so variable.
Increasingly, such tears are being regarded as a normal consequence of the ageing process. 8, 13 No studies to date have addressed a possible genetic basis for their pathogenesis and symptomatology. We therefore describe the results of a prospective, cross-sectional study of patients with full-thickness tears. Our aim was to establish the relative risk of their development as well as the risk of occurrence of symptomatic tears in siblings of patients with tears which had been diagnosed by ultrasound.
Patients and Methods
Computerised hospital records were used to identify all patients who had been diagnosed with full-thickness tears of the rotator cuff by ultrasound between August 1996 and January 2002 at our institution. All the patients were invited to complete and return a short postal questionnaire. The enquiry focused on the age, ethnic origin, marital status and the number of first-degree siblings of each patient as well as any previous history of known pathology of the shoulder among their spouse or siblings. Patients were excluded from the study if they had no living spouse or siblings, were not available for review or had previously undergone arthroplasty of the shoulder. In order to limit confounding from racial variation, nonCaucasian patients were also excluded. From a consecutive series of 595 patients with full-thickness tears 382 were excluded. Each was sent an information sheet and contacted by telephone. Details of spouse and siblings were obtained and each of these was sent an information sheet and also contacted by telephone. Siblings were excluded if they were not available for review, were not full first-degree relatives of the patient, either by marriage or adoption, or had concomitant systemic disease affecting the function of the shoulder. Of 810 siblings identified 671 were excluded. All participant exclusions are listed in Table I , subsequently underwent ultrasound of both shoulders carried out by a consultant musculoskeletal radiologist (JT, EM or SO) using a Philips Ultrasound HD1-5000 scanner with a 5 to 12 MHz variable frequency linear-array probe (Philips Ultrasound, Letchworth, UK). The radiologist was not aware of the status of the participant and reported all scans using a standardised proforma. All full-thickness tears detected were classified according to the criteria of Post, Silver and Singh 17 using the size of the largest measured tear. Partial-thickness tears were not included. Patients were rescanned to confirm the presence of a full-thickness tear and to validate their identification as index cases and thus justify the inclusion of their spouse and/or siblings in the study. Of 213 patients scanned, eight were found to have no lesion and were subsequently excluded from the study, with eight associated spouses and ten siblings. The defined end-point was the identification of siblings and spouses with a full-thickness tear, whether unilateral or bilateral. Unilateral or bilateral tears carried equal weighting for relative risk calculations. Unless stated, all the results were calculated and tabulated in terms of the number of participants with or without full-thickness tears and not in terms of the number of shoulders examined within each cohort. Symptomatic tears in siblings and spouses were defined by a subjective patient statement in addition to an OSS ≥13. The relative risk of development of a lesion in siblings was derived both overall and for symptomatic tears and stratified according to age.
Relative risk to siblings (λ λ λ λs). Risk estimates based on the presence of full-thickness tears in siblings and spouses were obtained using the following equation:
The result is given as a ratio with 95% confidence intervals (CI).
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Outcome measures. For the purposes of this study outcome measures specific for the shoulder (CMS and OSS), were applied to both siblings and spouses in order to identify symptomatic participants and to compare variations in symptomatology in both cohorts. This was used as a means of assessing the degree of homogeneity of symptoms between both groups and not for the evaluation of function or outcome after treatment. Similarly, the SF-36 questionnaire was applied to both cohorts in order to assess the degree of homogeneity in general health status between them and not for evaluation after treatment. The Constant Murley shoulder score (CMS). This is a shoulder-specific, non-condition-specific, combined clinician/ patient-based scoring system. It is scored from 0 to 100 with low scores denoting poor function and pain. It allocates 15 and 20 points, respectively, for the subjective assessment of pain and the activities of daily living, as well as 40 and 25 points, respectively, for the active range of movement and power. The Oxford Shoulder Score (OSS). This is a shoulder-specific, non-condition-specific, patient-based scoring system. It is scored from 12 to 60, with 12 the best; and 60 the worst, and assesses pain and activities of daily living. It is consisent, reproducible, valid and sensitive to clinical changes at six months after surgery.
19 SF-36. This is a 36-item questionnaire which is widely used to assess general health. It assesses eight dimensions: physical function, social function, role limitation due to physical problems, role limitation due to mental problems, mental λs % siblings with full-thickness tears % spouses with full-thickness tears
health, energy/vitality, pain and general health perception, giving a summary of both physical and mental components.
It is widely recognised that variations in the power component of the CMS and all dimensions of the SF-36 occur with age and gender. 20 These do not necessarily represent abnormal function of the shoulder or poor health. Because the siblings and spouses were closely matched in terms of age and gender, the two scores were not normalised. Significance tests were performed using the chi-squared test to compare proportions in the two groups, with Yates's correction for the small sample size.
Results
Tables II and III show the age and gender distribution of probands, siblings and spouses, respectively, in those with and without full-thickness tears. The distribution of the size of the tears found in each cohort is given in Table IV and the proportion of unilateral and bilateral tears found in each group, the variation in the presence of unilateral tears with hand dominance, and how the size of the largest tear in individuals with bilateral tears varies with hand dominance in Table V. Table VI shows the variation in age of siblings and spouses found to have full-thickness tears and Tables VII and VIII show age-stratified relative risk estimates for the development of full-thickness tears both overall and in those with symptoms, respectively.
Relative to a control group, siblings had more than twice the risk of developing such tears (p < 0.0001) and nearly five times the risk of suffering symptoms (p < 0.0001). The prevalence of these lesions in young controls is low, as is the presence of symptomatic tears in controls of all ages.
No significant differences (p > 0.05) were found in all other measures of comparison between siblings and spouses both with and without tears. 
Discussion
No previous studies have considered the role of genetic factors in the development of full-thickness tears of the rotator cuff. Controls used for estimation of risk. Estimates of the risk to family members depend on the choice of controls. To determine genetic factors in a presumed multifactorial disease, controls used in sibling studies should ideally resemble their siblings with respect to environmental risk factors but differ in regard to possible genetic determinants. Spouses of patients fulfil both these criteria and have been used previously in family studies. [21] [22] [23] By their longstanding proximity to the patient, spouses and siblings share a common environment and similar positive and negative biases to the development of full-thickness tears. Clearly, this shared environment is limited. The siblings experience the same environment during childhood and the spouse during adult years. Nevertheless, this is the best environmental matching that can reasonably be achieved. Possible errors. Variation in the balance of known environmental and constitutional risk factors such as age, gender and occupation can affect relative risk estimates. In our study both the siblings and spouses were very closely matched in terms of age and gender (Tables II and III) . Details of their occupation were obtained from all participants in this study. Although there are no standard data which associate occupation with the risk of the development of full-thickness tears attempts were made to categorise occupation according to the degree of manual labour, overhead activity and repetitive movements of the upper limb involved. Overall, no significant variations were seen between siblings and spouses and both groups were found to have excellent association in terms of general health status and the level of symptoms in the shoulder.
Another source of error is an ascertainment bias. The end-point for each participant in this study was the identification of the presence or absence of a full-thickness tear by ultrasound. The radiologists were aware of the nature of this study and thus had a theoretical risk of overdiagnosing the existence of tears. In order to minimise this, the radiologists were not told the status of the participants. The three radiologists who performed the ultrasonography were consultant musculoskeletal radiologists at a specialist orthopaedic hospital, who were highly experienced in these techniques, and scanned both siblings and controls. All participants were recruited on the basis of being firstdegree relatives of probands and not because they had symptoms. It was likely, however, that siblings and spouses with symptomatic shoulders would be more likely to participate in such a study than if they had no complaints. This self-selection bias could significantly affect relative risk calculations if confined to a single cohort, but both groups were equally liable to such self-selection and therefore the calculations of overall relative risks were not affected significantly.
Our study shows that there is significant genetic susceptibility towards the development of full-thickness tears of the rotator cuff and associated symptoms. Siblings had more than twice the relative risk for developing a lesion and nearly five times the risk of experiencing symptoms. This implies that there is an important role for genetic factors in a disease traditionally thought to reflect age-related 'wear and tear'. Environmental factors do contribute to the aetiology but our study indicates that genetic influences also have a role. The phenotypic expression of any genetic susceptibility to the development of a full-thickness tear is likely to occur at the level of the ultrastructure of the tendon in the cuff. A genetic basis for associated pain could theoretically be expressed at any point in the sensorineural pathway of the cuffs. The familial tendencies which we describe emphasise the need for further research into the anatomy, physiology and molecular biology of the ultrastructure of the tendon of the cuff. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
